The discovery and naming of a new species of australopithecine, Australopithecus afarensis, (Johanson et al., 1978) has provided paleontologists with a new and unique perspective on Pliocene hominid evolution. Based on their interpretation of these fossils, the discoverers and their colleagues have advanced a new phylogenetic interpretation of hominid evolution (Johanson and White, 1979; Johanson, 1980; White et al., 1981) in which A. afarensis is the only known hominid ancestor of the Homo clade; other australopithecine species, including A ustrale pithecus africanus, are relegated to deadend side branches. In this vein, Johanson and White (1979:327) argue that South African gracile specimens "share several distinctive, derived characters with later robust australopithecine~'' which exclude A. africanus from the ancestry of the Homo lineage. White et al. (1981:467) 
state:
For South African A. africanus to be considered a common ancestor for both later hominid clades it is necessary to postulate a n evolutionary reversal [italics ours] involving many functionally related characters of an established morphological and adap-tive complex. The derived characters of the mandible, face and dentition in A. africanus would necessarily have been evolved from the A. afarensis condition and then been lost again in a relatively late transition to Homo habikis.
Although White, Johanson, and colleagues (Johanson and White, 1979; White et al., 1981; Kimbel, 1984; Kimbel et al., 1984; Kimbel and Rak, 1985) have been careful to point out that morphological features serve as the most important bases for their taxonomic and phylogenetic assessment, they also contend that "dental metrics reinforce the hypothesis that the [A. africanus specimens] represent a link between the basal, undifferentiated hominids at Hadar and Laetolil and the later robust australopithecines" (Johanson and White, 1979:328) . Johanson and colleagues argue that the intermediate status of A. africanus metrics and morphology between A. afarensis and A. robustus + boisei prevents its inclusion as an ancestor of the Homo lineage. Here we examinine the australopithecine dental metric evidence and discuss whether dental metrics do indeed reinforce the taxonomic scheme of Johanson and colleagues.
It follows from Johanson and White's statements above that the inclusion of A. africanus in the ancestry of the Homo lineage must involve a n evolutionary reversal in dental metric trends. The exact nature of such a dental metric reversal is expressed by Johanson and Edey (1981:285) in the following query: "Can molars start small, swell and then shrink again? . . . It is extremely unlikely." Thus, odontometrically, the reversal White et al. (1981) refer to would have been an increase in posterior tooth size from A. afarensis to A. africanus and subsequent decrease from A. africanus to H. habilis. Johanson and White (1979) maintain that the likelihood of such a reversal is low; they argue that this evidence, combined with data on cranial morphology, makes A. africanus an unlikely ancestor of the Homo clade.
The model of hominid evolution advanced by Johanson and White predicts, therefore , that in a continuous phylogenetic sequence of fossils from 4 through 1 mya intermediate samples will have cheek teeth that approximate the size of those of H. habilis or A. afarensis and not be larger. This hypothesis asserts stasis in dental metrics and in some morphological features in the lineage leading to Homo, and is therefore referred to subsequently as the stasis hypothesis.
Alternatively, the placement of A. africanus in the ancestry of the Homo lineage must be labeled a reversal hypothesis in that it predicts that such intermediate samples will have cheek teeth that approximate the size of A. africanus dentitions and not be smaller.
Figure l a [after White et al. (198l) l depicts the distribution of hominid fossils in Africa. As is illustrated, recent advances and persistent effort have yielded an adequate fossil record from which to begin interpretation (Bishop and Miller, 1972; Partridge, 1973; Butzer, 1974; Vrba, 1975; Coppens et al., 1976; Aronson et al., 1977; Brock et al., 1977; White and Harris, 1977; McFadden et al., 1979) . Note that "gracile" fossils (A. afarensis) are found at Orno around 3 mya and then again (H. habilis) at less than 2 mya; it appears that there is a gap in the "gracile" fossil record from 3 to 2 mya. However, although little fossil evidence is known in East Africa for this 800,000 year period, the gap at Orno depicted in Figure l a does not exist. Rather, as illustrated in Figure lb , a continuous, though sparse, fossil record is found at Orno Arambourg et al., ,1969 Heinzelin et al., 1970; Coppens, 1973; Howell et al., 1974; Howell and Coppens, 1976 ) from about 3 mya to less than 1 mya (Coppens, , 1974 (Coppens, , 1975 Brown and Nash, 1976; Brown and Shuey, 1976) . Because Orno constitutes the only continuous hominid fossil record from A. afarensis through H. habilis, it offers a unique opportunity to test hypotheses of hominid phylogeny. We propose to use the Orno fossils to test the two hypotheses (reversal and stasis) outlined above by testing the two predictions that follow from these hypotheses. The stasis hypothesis predicts that intermediate (i.e., 3-2 mya) fossils at Orno will not have significantly larger cheek teeth than either A. afarensis or Homo, whereas the reversal hypothesis expects Orno dental metrics to resemble A. africanus and not be significantly smaller.
MATERIALS AND METHODS

Why use dental metrics?
Beyond addressing the claim made by Johanson and colleagues that dental metrics reinforce their phylogenetic reconstruction, a n odontometric analysis of Plio-Pleistocene hominids is of general use and can serve as the basis for further analysis. Although con- clusions regarding phylogenetic relationships cannot be reached on the basis of tooth size alone, dental metrics are especially important when considering the early hominids because many of the morphological features distinguishing among the australopithecine taxa are intimately associated with variation in tooth size. For example, relatively large teeth imply great chewing forces and a suite of cranial features associated with such forces.
Because dental morphology is thought to be under relatively tight genetic control, evolutionarily conservative, and therefore highly diagnostic, attention often has focused on hominid cusp patterns. However, in hominids the cusps are worn away soon after eruption, leaving the occlusal area featureless and relatively flat (Brace, 1977) . Since hominids all have similar enamel thicknesses (Jolly, 1970; Molnar and Gantt, 1977; Kay, 1981; Gantt, 1983) , it is overall size that is the most important factor in determining how effectively and for how long a cheek tooth retains its grinding function. Size, therefore, is a major component of the hominid masticatory adaptation and an important feature to be considered in phylogenetic analysis.
Furthermore, a metric analysis of the Orno material is particularly appropriate because of the nature of the fossil record found there. The incomplete preservation of most of the Orno material has left very few nondental remains but a relatively abundant number of teeth available for analysis. Many of these teeth are worn flat, leaving fewer specimens for morphological assessment than for metric considerations.
Body size and tooth size
Raw measures of tooth size, however, are potentially misleading in animals that may be of different body weights. Recently, McHenry (1983 McHenry ( , 1984 stated that it is not the "robust" species of australopithecines alone that are megadont but that the entire genus is characterized by this state. Instead of analyzing simple dental areas, McHenry's study utilized a ratio of dental area to estimated body size to compensate for possible differences in body mass. He concluded that variation in body size accounts for the differences in tooth size between A. africanus and A. afarensis. However, in his most recent investigation, McHenry (1985) found no difference in body size between A. afarensis, A. afi-icanus, and H. habilis. This latest analysis revealed that megadontia is greatest in A. africanus, less in A. afarensis, and least in H. habilis. Since McHenry's (1985) findings on body weight are reiterated by other studies (Tobias, 1980; Steudel, 1980; Reed and Falk, 19771 , we treat these three species as having indistinguishable body masses and consider tooth size without adjustment for body weight.
Samples
This study utilizes buccolingual dimensions from both maxillary and mandibular postcanine dentitions (too few anterior teeth are preserved at Orno for analysis). Analyses of dental metrics must consider the effects of dental wear on tooth size; the effect of wear on mesiodistal measures has been a topic of contention already in the A. africanuslA. afarensis debate (Tobias, 1980; White et al., 1981) . Buccolingual diameters, however, are unaffected by approximal (also referred to as interproximal) wear (Brace, 1967a;  Tobias, 1978) . The buccolingual dimension, additionally, varies more between taxa (Blumenberg and Lloyd, 1983) and is therefore more diagnostic.
All measurements were made by a single observer (M.H. Wolpoff) on the original specimens. Teeth that could not be accurately measured and specimens of highly questionable taxonomic affinity were excluded from this analysis. When antimeres were present in an individual, a n average of the two measurements was used. This method differs from that of Johanson and The Omo sample consisted of all non-A. boisei specimens from levels C-G dated from approximately 3-2 mya (Coppens, ,1974 (Coppens, , 1975 ; Brown and Nash, 1976;  Brown and Shuey, 1976) . Hereafter, these specimens (non-A. boisei material from Omo levels C-G) will be referred to as the O M 0 sample (OM01 and will serve as a test for the predictions of the stasis and reversal hypotheses. The "gracile" specimens that constitute the OM0 sample were distinguished from A. boisei specimens at Omo on the basis of dental morphology but are clearly distinct in size as well. As seen in Figures 2 and 3 , the OM0 and East African A. boisei samples display little overlap in tooth size. Space restrictions do not permit an additional figure; however, a similar lack of overlap in dental metrics occurs at Omo in "gracile" and A. boisei material, although the sample sizes are very small. Figures 2 and 3 also show that the various dental metrics of the OM0 sample have standard deviations comparable to those of the other hominid samples, reinforcing the argument that this sample is not a mixture of specimens from smaller and larger species.
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Statistical analysis
similarity of the four samples to one another The stasis hypothesis predicts that OM0 was evaluated for each tooth using an analwill not be significantly larger than either ysis of variance (ANOVA); the level of signif-A. afarensis or Homo, whereas the reversal icance was set at P < 0.05. When the hypothesis expects OM0 dental metrics to ANOVA revealed a significant difference resemble A. africanus and not be signifi-among the four sample means, pairwise concantly smaller. To test these predictions, the trasts between OM0 and each of the other three samples were conducted. Such pairwise comparisons are not independent, and simultaneous inference of the results of these tests must take this into consideration. The Bonferroni technique (Miller, 1966) deals effectively with this difficulty; the significance for the set of contrasts is kept at P < 0.05, whereas that of each contrast is considerably stricter.
An additional, although separate, consideration is the similarity of O M 0 to the two other australopithecine samples: EAR and SAR. An ANOVA of these three samples was conducted for each tooth and, when significant, pairwise contrasts were obtained, again utilizing the Bonferroni technique to assess the results.
RESULTS
Sample statistics are presented in Table 1 and illustrated in Figure 2 (premolars) and Figure 3 (molars). Sample means and SDs for each group are very similar to those figured by Johanson and White (19791, despite the fact that the teeth were measured by different observers and are in all likelihood made up of slightly different samples. Table 2 gives the difference in sample means and the significance level for each pairwise contrast.
The ANOVA of the four sample means (OMO, L/H, EAH, SAG) for each of the ten postcanine teeth revealed only one nonsignificant set: P'. Of the nine remaining teeth, OM0 is significantly (P < 0.05) larger than the L/H sample for M3, P4, and M2 and larger Figs. 2 and 3) . Furthermore, the OM0 sample does not bear much odontometric resemblance to any other australopithecine sample. Table 3 presents the results of a n ANOVA and pairwise contrasts of the OMO, South African robust (SAR), and East African robust (EAR) samples. Only one of the ANOVA analyses is not significant: P3. The OM0 and EAR samples are significantly different for every other tooth. OM0 is smaller than SAR in four cases at P < 0.05 and in one case at P < 0.10, a degree of similarity comparable to that of OM0 and EAH. Table 4 summarizes the statistically significant differences between OM0 and the other five samples. Clearly, of all possible taxa that the OM0 sample might be expected to resemble, the greatest postcanine odontometric afinity is with A. africanus.
DISCUSSION
The stasis hypothesis predicts that postcanine dentitions in the A. afarensis-Homo lineage will remain very similar in size at every evolutionary step. The continuous sequence of fossils at Omo offers a unique op- portunity to test this hypothesis in that the early specimens at this site have been designated A. afarensis (White et al., 1981) and the later ones H. habilis White et al., 1981) . The OM0 sample, chronologically intermediate with respect to A. afarensis and Homo specimens, displays dental metrics most similar to South African A. africanus. This finding is contrary to the expectation of the stasis hypothesis (see Fig. 4a ), which predicts that if such a n intermediate sample is indeed in the A. afar- Vertical axis represents time; horizontal axis represents the relative expression of the hypermasticatory trend, an adaptation characterized by the hypertrophy of a morphological complex, including the posterior dentition, associated with heavy mastication (see text for further explanation). Each taxon is represented by a different line style; the evolution of one taxon into another is depicted as a blending of the two appropriate styles. a, The stasis hypothesis. No change in the hypermasticatory trend is evident in the Homo clade from 4 to 1 mya. A. ufricunus branches off the Homo clade early. b, The parallelism hypothesis. Although the Homo clade undergoes hypermasticatory evolution, the Orno sample from 3-2 mya is not A. ufricunus; the similarities between OM0 and A. ufricunus are due to parallelism. e, ensis-Homo lineage, it will exhibit dental metrics most similar to A. afarensis or Homo or both. Although the dental metric evidence from Omo does not support a picture of hominid evolution typified by unchanging posterior tooth size from A. afarensis through the first The single displacement hypothesis. Consistent with the stasis hypothesis, this hypothesis maintains that for the 800,000 year fossil gap the Homo clade was evolving somewhere other than at Orno, returning at about 2 mya to replace A. ufricunus. There are no known fossils from the 800,000 year gap representing a separately evolving Homo lineage. d, The double displacement hypothesis. The Homo clade was displaced from Omo for the 800,000 year gap and returns to displace A. ufricunus. e, The reversal hypothesis. The fossils a t Omo represent an evolving lineage that underwent hypermasticatory evolution; this trend reversed with the evolution of the Homo clade but continued in the australopithecine clade. This hypothesis does not rely on undiscovered fossil species or specimens but does require a change in selection pressure and a reversal of dental metric evolution.
Homo species, and thus is contrary to the stasis hypothesis, neither does it necessarily indicate that A. africanus is indeed ancestral to H. habilis. Rather, there are four possible hypotheses that explain the metric resemblance between the OM0 sample and the A. africanus sample.
The parallelism hypothesis
Although the OM0 sample dental metrics are similar to those of the A. africanus sample, the taxon represented by OM0 may have come to resemble A. africanus in dental metrics but is not conspecific with A. africanus. In other words, the OM0 sample represents a taxon in the A. afarensis-Homo lineage that is not the same species represented by the SAG sample despite the metric resemblance between the two (see Fig. 4b ).
The displacement hypotheses
It is possible that the species found at the intermediate levels (C-G) at Orno is A. africanus but that it is not ancestral to later Homo species. Instead, it might be hypothesized that the A. africanus population sampled at Orno was displaced by members of the Homo clade. There are two different displacement hypotheses.
Single displacement: The population of A. afarensis represented by the specimens found at the earliest levels at Orno may have evolved in situ into A. africanus, as represented by our O M 0 sample, but this taxon was then later displaced by Homo, the fossils found in Omo's most recent levels (see Fig. 44 . Double displacement: Another possibility is that A. afarensis as represented at Orno may have been ancestral to later Homo populations but that some A. africanus population displaced the A. afarensis-Homo lineage for the time period from which our sample is taken. Homo subsequently returned, displacing A. africanus, having evolved into a recognizably Homo form elsewhere (see Fig. 4d ).
In both of these scenarios the Orno population in our sample represents A. africanus, the first hypothesis necessitating a displacement of A. africanus by Homo, the second requiring an initial displacement of A. afarensis by A. africanus and a later displacement of A. africanus by H. habilis.
The reversal hypothesis The dental sample at Orno may represent a single evolving lineage that underwent an evolutionary increase and a subsequent decrease in cheek teeth dimensions. In other words, A. afarensis evolved into A. africanus, which in turn evolved into H. habilis (see Fig. 4e ). Which one? These, then, are four hypotheses to explain the OM0 sample's resemblance to A. africanus. An examination of dental metrics alone cannot refute the parallelism hypothesis. However, there is no reason to hypothesize that two fossil samples from the same time period with the same dental metrics are of two different species unless their morphologies are so different as to preclude their representing the same species (Mayr, 1966:338; Le Gros Clark, 1969) . Workers who have examined the Om0 fossils (Howell, 1969 (Howell, , 1975 Howell and Coppens, 1973, 1976; Coppens, 1980) have noted the morphological similarities between the Orno material from levels C-G and A. africanus. Given these details and the metrics of the Om0 group, it is unnecessarily convoluted to hypothesize that two samples as metrically and morphologically similar as that representing South African A. africanus and OM0 have developed their similarities in parallel rather than that the two samples are of the same species. This does not disprove parallelism; rather, with currently available fossil evidence, it simply appears less likely than alternative hypotheses. Furthermore, it should be noted that, if one argues that a dental metric reversal is so unlikely as to remove A. africanus from the A. afarensis-Homo lineage, then the same argument must be applied to exclude the OM0 sample, independent of its specific affinity to A. africanus. That is, the fossils from the middle layers of Orno could not be ancestral to later Homo species under the same logic that excludes SAG as an ancestor of Homo.
Three hypotheses remain. The double displacement hypothesis requires first that a population of A. africanus-like individuals displaced a population of A. afarensis-like australopithecines and subsequently that a population of habilines, having evolved from a n A. afarensis population elsewhere, returned, displacing the australopithecines. It also necessitates leaving an 800,000 year gap in the fossil record, since to sustain it one must accept the evolution of a separate A. . Although noting a size increase in dentition between the levels dated greater than 3 mya (i.e., Usno and Shungura A and B) and later levels, Howell and Coppens (1976523,524) state explicitly that there is no morphological rubicon. Instead, they describe specimens from the greater-than-3-mya levels as smaller, more primitive representatives of A. africanus. Whether these earlier specimens are called A. afarensis or not is beside the point; they are similar to the specimens from later levels, referred to A. africanus, and metrically and morphologically grade into them.
The transition between what might be called A. afi-icanus and specimens provisionally assigned to H. habilis, however, is not clear. In level G, some specimens are said to resemble A. africanus, others are said to be "comparable to" H. habilis, and still others are described simply as divergent from the morphology of the robust specimens. None of the "gracile" specimens is said to show unequivocal association with either A. africanus or H. habilis. At no point do Howell and Coppens note a sudden appearance of a specimen with H. habilis dental morphology. The lack of a clear morphological rubicon supports the reversal hypothesis.
If a displacement had occurred, one might expect a dramatic tooth size reduction at some point in the sequence, but sample sizes at Orno are too small to determine accurately whether such a change occurs. Given the evidence in the early levels of Orno, it seems warranted to judge the double displacement hypothesis as unlikely. However, the equivocal status of the later specimens prevents a definitive assessment of the single replacement hypothesis.
The reversal hypothesis requires that the cheek teeth first increased and then decreased in size. Evolutionary reduction of tooth size has been amply demonstrated in the fossil record for primates (Gingerich, 1976a (Gingerich, ,b, 1979 Gingerich and Schoeninger, 1977) . Furthermore, this phenomenon is not limited to nonhuman primates; Brace (1979 Brace ( , 1980 has demonstrated both increase and subsequent decrease in dental dimensions in a hominid lineage. It is not unusual, therefore, to observe a reduction in tooth size during the evolution of a lineage; consequently the reversal hypothesis is viable.
The single displacement hypothesis and the reversal hypothesis, of the four outlined above, are the two most plausible hypotheses to explain hominid evolution at Orno. Both the parallelism and the double displacement hypotheses are unnecessarily convoluted given the present evidence. (Corrucini and McHenry, 1980; Rak, 1983 Rak, , 1985 White et al., 1981; Tobias, 1980 Tobias, , 1985 Kimbel et al., 1984; White, 1985; Olson, 1981 Olson, , 1985 . If not, alternatively we must accept three corollaries: a displacement, the coexistence of three hominid species, and a n absence of fossils having dentitions resembling those of A. afarensis or H. habilis at Orno or anywhere else during the 800,000 year gap between L/H and EAH. Yet A. africanus-like dentitions have been discovered both in South Africa and at Orno in East Africa (contra Leakey, 1972 Leakey, , 1973 Campbell, 1978; White et al., 1981; Wood, 1978) dating to this period.
Reversal us. stasis
How different is the cranial morphology of A. afi-icanus from that of A. afarensis/H. habilis, and how many reversals are there if A. afarensis, A. africanus, and Homo are considered a single lineage? Johanson, White, Kimbel, and their colleagues document a n impressive number of morphological similarities between A. afarensis and Homo, noting that these traits diverge in A. africanus. It is tempting to treat the differences between A. afarensis and A. africanus as a great number of independent differences, treating the similarities in the masticatory morphology of A. afarensis and Homo as a plethora of independent similarities. This kind of assessment ignores the fact that most of the differences between A. afarensis and A. africanus are part of a single functional complex [as White et al. (1981) stress] and therefore that the various features involved in this complex must have evolved together as a unit. A. africanus has relatively large cheek teeth, and relatively large cheek teeth imply great chewing forces. Associated with great chewing forces are a number of other morphological traits (Le Gros Clark, 1947 Broom and Robinson, 1952; Robinson, 1954 Robinson, , 1956 Robinson, , 1958 Robinson, , 1962 Robinson, , 1963 Robinson, , 1972 Brace, 1976b Brace, , 1973 Tobias, 1967 Tobias, ,1973 Jolly, 1970; Wolpoff, 1974 Wolpoff, , 1980 Howell, 1975; DuBrul, 1977; White, 1977; Clarke, 1979; Hylander, 1979; Johanson and White, 1979; Ward, 1979; Ward and Molnar, 1980; White et al., 1981; Kimbel et al., 1982 Kimbel et al., , 1984 White and Johanson, 1982; Rak, 1983, 19851 , among these thicker mandibular corpora; taller, more vertical ascend-ing rami; higher, straighter zygomatic process roots; greater malar robusticity; dishing of the face; anterior placement of the zygomae; retracted palate; expanded temporal fossa; presence of anterior pillars; and an anteriorly placed sagittal crest. We proposed (Hunt and Vitzthum, 1984) calling this suite of characters the hypermasticatory complex and the increase in the expression of this complex the hypermasticatory trend because this evolutionary pattern is characterized by the hypertrophy of a morphological complex, including the posterior dentition, associated with heavy mastication.
Rather than viewing early hominid evolution as a series of reversals (or, conversely, as a lack of them), it is more appropriate to view the evolution of the hominids as exemplified by two trends. The first trend is the consistent and continuing evolution of dental and gnathic adaptations for the consumption of hard-packaged and/or abrasive foodstuffs without the benefit of advanced food-processing technology. The aust<ralopithecine lineage, beginning before A. afarensis and ending with A. boisei, represents this gradual hypermasticatory evolution. Somewhere along the australopithecine lineage a change in adaptation altered the selective forces on the dentition and face producing a second trend. Specifically, a change in diet or food processing reduced the forces applied to the dentition during mastication; therefore, the selective pressures to maintain large dentitions and the cranial and mandibular superstructures associated with large dentitions and great masticatory forces were lessened and these structures subsequently reduced. Individuals exhibiting this second trend constitute the base of the Homo lineage. The many morphological similarities between A.
afarensis and Homo are not a group of independent data points but a very closely related complex of features that hypertrophied in response to a single evolutionary pressure-the selection for the ability to produce greater masticatory force-and reduced when selection for this ability decreased (see Fig.  5 ).
Neither the stasis nor the reversal hypothesis is incompatible with the arguments regarding trends in masticatory adaptations outlined above. The difference between the two hypotheses is simply when the Homo lineage branched off from the australopithecine lineage. If it was very early (i.e., -3.5 mya; see Fig. 5 ), then the stasis model may properly describe hominid evolution in the Pliocene. If it was late (i.e., -2.5 mya), the reversal hypothesis is correct (see Fig. 5 ). We agree with many of the points elaborated by Kimbel (1984) and Kimbel et al. (1984) , as well as some of the contra arguments presented by Tobias (1980) ; it is possible that speciation occurred during a time period intermediate between currently known A. afarensis and A. africanus samples. If this is the case, the stasislreversal dichotomy will be shown to have been a n artifact of the history of australopithecine discoveries.
How different are A. afarensis, A. africanus, and H. habilis? An unresolved issue in paleontological studies is the expected or acceptable level of metric variation, for any feature, within a fossil species. A number of workers have maintained that two species are represented in the A. afarensis sample (Coppens, 1981 (Coppens, , 1983 Olson, 1981 Olson, , 1985 Read, 1984; Senut and Tardieu, 1985; Zihlman, 1985) . Tobias (1980 Tobias ( , 1985 has pointed out that the specimens from Laetoli have dental metrics very similar to those of A. africanus, whereas the Hadar specimens are much smaller. Yet White and colleagues (Johanson and White, 1979; White et al., 1981; Kimbel et al., 1982 Kimbel et al., , 1985 White, 1985) have defended A. afarensis as a single species, distinct from A. afiicanus, on the basis that "to find a statistically significant difference between several populations is only of minor interest to the tax- onomist; he takes it for granted" (Mayr, 1969:187; quoted in White, 1985) . We cannot present a more eloquent argument against unwarranted splitting. Just as dividing Laetoli and Hadar on the basis of small average differences in size and morphology appears unwarranted, so is concluding that A. africanus is too hypermasticatory to be an ancestor of the Homo lineage when there is considerable overlap of ranges of tooth size in the taxa of interest (see Figs. 2 and 3) and a chronology that allows adequate time for the evolution of the hypermasticatory complex to have occurred.
Metric similarity aside, a n additional and perhaps less resolved issue in phylogenetic reconstruction is the acceptable or expected level of morphological variation within a fossil species. Corrucini and McHenry (1980) noted the similarity of A. afarensis and H. habilis dental anatomy, while showing A. africanus to be less closely related to A. afarensis or H. habilis than to A. robustus. However, thcse findings do not bear directly on the material at Orno considered in our analysis. Corrucini and McHenry's study was conducted on A. africanus specimens from South Africa, thousands of miles from Orno. Geographical variation in dental size and morphology is to be expected among populations of A. africanus. Specifically, OM0 is expected to vary in the direction of the earlier (A. afarensis) and later (H. habilis) specimens at Orno. In addition, the differences they observed between A. afarensis and A. africanus in dental morphology may be due to allometry. It is not clear whether occlusal morphology changes isometrically when there is selection for, and subsequently the evolution of, larger teeth. A. africanus dental morphology may be a scaled version of A. afarensis morphology. It should also be noted that only 10 (of 34) measures made by Corrucini and McHenry on the dentition are actually on surface topology; the others are cervical breadth, cervical length, occlusal length, diagonal length, and crown height. These metric variables are not only very interdependent (Butler, 1937 (Butler, ,1939 (Butler, ,1961 (Butler, ,1963 Dahlberg, 1945 Dahlberg, , 1950 Dahlberg, , 1951 Dahlberg, , 1963 but are simply expressions of dental size, not of dental morphology. Differences among these taxa for these variables are a reflection of the hypermasticatory trend.
Further tests of the reversal hypothesis
Based on the evidence outlined above, we believe that the reversal hypothesis has considerable merit at this time and support Howell and Coppens (1976) in their placement of the OM0 sample in A. africanus. The reversal hypothesis logically evokes several predictions that may be tested against new information and may be rejected on (at least) the following grounds.
1. If a sudden change in tooth size is demonstrated among the non-A. boisei sample at Orno. Sample sizes are too small to test this hypothesis at present.
2. The SAG specimens are separated by thousands of miles from Orno, but Om0 is relatively close to Laetoli and Hadar. If the reversal hypothesis is correct, where Orno dental morphology differs from SAG, it should differ in the direction of the earlier and later Orno non-boisei specimens (respectively assigned to A. afarensis and H. habilis) and not in the direction of the A. boisei specimens.
3. There should be no sudden changes in dental morphology between levels at Orno.
4.
If a fossil australopithecine species is discovered from the 800,000 year gap that 1) does not have the hypermasticatory specializations ofA. africanus andlor 2) is equally or more similar to A. afarensis and H. habilis than is the OM0 sample, then the reversal hypothesis is disproven.
CONCLUSIONS
The analysis presented here has been a test of the evidence presented by Johanson and White (1979:328) that "dental metrics reinforce the hypothesis that the Sterkfontein Type Site and Makapansgat gracile australopithecines represent [only] a link between the basal, undifferentiated hominids at Hadar and Laetoli and later robust australopithecine~'' and that A. africanus is not an ancestor of the Homo lineage. If their hypothesis is correct, fossils in the A. afarensisHomo lineage and intermediate in time are expected to resemble A. afarensis, H. habilis, or both. However, at Orno they do not. Dental metrics therefore do not reinforce the stasis hypothesis. Moreover, the stasis hypothesis necessitates leaving an 800,000 year gap in the fossil record, and the immediate ancestor of Homo remains undiscovered. If the intermediate specimens at Orno are A. africanus, and they seem to be on the basis of tooth size, then we are left with a n 800,000 year period of time spreading between A. afarensis and H. habilis during which the only "nonrobust" specimens found are A. africanus spec-imens. Therefore, on the basis of odontometric evidence, but in conjunction with other morphological evidence, we suggest that the reversal hypothesis is, at present, the strongest of the four possible hypotheses explaining the Orno fossils. In other words, since A. africanus is the only possible immediate ancestor of H. habilis yet discovered, and since the reversal required to fit A. africanus into the Homo lineage is not an unlikely event, A. africanus serves as the most likely known precursor to the Homo lineage. This evidence reemphasizes the importance of the Orno site and the urgency of future collection there and also demonstrates the necessity for a systematic and thorough analysis of these critical specimens.
SUMMARY
Several hypotheses explain the existence of a sample at Orno that odontometrically more closely resembles A. ufricanus than any other known fossil hominid. The most parsimonious explanation for this observation is that the species at Orno is Australopithecus africanus. The presence of A. africanus (or the presence of A. africanus-sized teeth) at Orno makes it more likely than heretofore that A. africanus is a n ancestor of later Homo species. The intimate association between the components of the masticatory complex accounts for the apparent reversal of a number of traits in the advocated A. afarensis-A. africanus-Homo lineage. Until counter evidence is presented, it is premature to remove A. africanus from the ancestry of the Homo lineage.
